Neurocysticercosis (NC), caused by the presence of Taenia solium metacestodes in tissues, is a severe parasitic infection of the central nervous system with universal distribution. To determine the efficiency of enzymelinked immunosorbent assay (ELISA) and immunoblot with antigens of T. crassiceps vesicular fluid (Tcra) compared to standard techniques (indirect immunofluorescence test [IFT] and complement fixation test [CFT]) using T. solium cysticerci (Tso) for the serodiagnosis of NC, we studied serum samples from 24 patients with NC, 30 supposedly healthy individuals, 76 blood bank donors, 45 individuals with other non-NC parasitoses, and 97 samples from individuals screened for cysticercosis serology (SC). The sensitivity observed was 100% for ELISA-Tso and ELISA-Tcra, 91.7% for the IFT, and 87.5% for the CFT. The specificity was 90% for ELISATso, 96.7% for ELISA-Tcra, 50% for IFT, and 63.3% for CFT. The efficiency was highest for ELISA-Tcra, followed by ELISA-Tso, IFT, and CFT. Of the 23 samples from SC group, which were reactive to ELISA-Tso and/ or ELISA-Tcra, only 3 were positive to immunblot-Tcra (specific peptides of 14-and 18-kDa) and to glycoprotein peptides purified from Tcra antigen (gp-Tcra), showing the low predictive value of ELISA for screening. None of the samples from the remaining groups showed specific reactivity in immunoblot-Tcra. These results demonstrate that ELISA-Tcra can be used as a screening method for the serodiagnosis of NC and support the need for specific tests for confirmation of the results. The immunoblot can be used as a confirmatory test both with Tcra and gp-Tcra, with the latter having an advantage in terms of visualization of the results.
Neurocysticercosis (NC), the presence of Taenia solium metacestodes in tissues, is a severe parasitic infection of the central nervous system. Its distribution is universal, being frequent in developing countries in Latin America, Africa, Asia, and India (1, 7, 19, 21) . Cases have also been reported in the United States due to the immigration of individuals coming from areas where this parasite is endemic (20) .
The diagnosis of NC is based on clinical and epidemiological criteria and on laboratory methods (neuroimaging and immunological methods). Clinical diagnosis is impaired by the polymorphic and nonspecific symptoms of NC, and the detection of anti-cysticercus antibodies in cerebrospinal fluid (CSF) represents an important diagnostic element. However, a spinal puncture for CSF collection requires specialized professionals, being indicated only for symptomatic patients. The detection of antibodies in serum is impaired by cross-reactions with other parasitoses and requires the use of purified antigens (24) .
The preparation of adequate antigen extracts in sufficient amounts for NC diagnosis is still linked to the detection of swine naturally infected with T. solium larvae, which are usually reared in clandestine conditions and are difficult to locate (2, 7, 15, 26) . The use of synthetic peptides from T. solium cysticerci has been described, and this strategy would provide enough antigens for diagnostic assays (8, 9) .
Another approach is the possibility of choosing an alternative manner of detecting the parasites arises from the observation that the Taenia species share common antigens (15, 18) . The ORF strain of T. crassiceps (6) represents an important experimental model which, according to comparative studies, can be used for the immunodiagnosis of NC (2, 15, 25, 26) . The objective of the present study was to determine the efficiency of enzyme-linked immunosorbent assay (ELISA) and immunoblot with antigens of T. crassiceps vesicular fluid compared to standard techniques with T. solium cysticerci, in order to propose a criterion for the laboratory screening of cysticercosis in serum samples. Antigens. Antigen extracts were obtained from the vesicular fluid of T. crassiceps cysticerci (Tcra) and from the membrane and scolex of T. solium cysticerci (Tso) as described before (2) . The Tcra antigen was purified in order to obtain glycoprotein peptides (gp-Tcra) of low molecular mass (18 and 14 kDa) by elution in preparative sodium dodecyl sultate-polyacrylamide gel electrophoresis (SDS-PAGE) (PrepCell 491; Bio-Rad Laboratories, Inc.). The fractions were collected and analyzed by silver stain. The fractions of interest were pooled and concentrated.
MATERIALS AND METHODS

Samples
IFT and CFT. Antibody detection by the indirect immunofluorescence test (IFT) and complement fixation test (CFT) was adapted for use in serum samples according to the protocols of the Neurology Investigation Center of the Faculty of Medicine of São Paulo University (22) .
ELISA-Tcra, ELISA-Tso, and immunoblot-Tcra. T. solium anti-cysticercus immunoglobulin G (IgG) antibodies in serum samples diluted at 1:100 were determined by ELISA using Tcra and Tso antigens and by immunoblot using Tcra antigens, as described previously (2) . The reactivity index (RI) was calculated by using the obtained absorbance divided by the cutoff (mean absorbance for the control group plus two standard deviations).
Immunoblot gp-Tcra. Some ELISA and/or immunoblot-Tcra-reactive samples were processed for the identification of specific peptides in the gp-Tcra antigen (immunoblot gp-Tcra). Positive, negative, and background controls were included in each test. gp-Tcra antigen at 1:50 dilution was fractionated by SDS-PAGE on a 15% gel (13) and transferred electrophoretically to 0.22-m (poresize) nitrocellulose membranes (Immobilon-P SQ Transfer Membrane; Millipore) (23) that were cut into 3-to 4-mm-wide strips. Phosphate-buffered saline at 0.01 M (pH 7.2; 0.0075 M Na 2 HPO 4 , 0.025 M NaH 2 PO 4 , and 0.14 M NaCl) containing 0.05% Tween 20 was used for the washes and for the preparation of skim milk. The strips were blocked for 2 h with 5% milk, and the serum samples were diluted 1:100 with 1% milk and incubated for 18 h at 4°C. The conjugate used was alkaline phosphatase-goat anti-human IgG (Sigma Chemical Co.) incubated for 2 h. Reactive fractions were developed with nitroblue tetrazolium-5-bromo-4-chloro-3-indolylphosphate (NBT-BCIP; Sigma Chemical Co.). Molecular weight markers were used for calculating the molecular mass of the reactive fractions (14) .
RESULTS
The results obtained for all sample groups by all tests are presented in Table 1 .
Considering The results obtained by ELISA-Tso and -Tcra with serum samples from patients with NC, from subjects medically screened for SC, supposedly healthy individuals (C), blood bank donors (BB), and individuals with other non-NC parasitoses (OP) are shown in Fig. 1 .
ELISA-Tso showed RIs of 1.4 to 6.7 (3.9 Ϯ 1.7) for the samples from patients with NC (24 of 24, RI Ն 1.0), 0.2 to 1. Table 2 shows the sensitivity and specificity of ELISA, IFT, and CFT in the analysis of the results from the NC and C groups.
The agreement indices obtained for ELISA-Tso and ELISATcra, considering RI Ն 1.0 and RI Ն 1.2 were 90 and 93.3% for the groups of supposedly healthy individuals, 78.9 and 85.5% for the blood donor group, 76.1 and 78.3% for the groups of individuals with other parasitoses, and 78.3 and 83.5% for the routine samples, respectively. The agreement indices for the results of samples from patients with NC were 100%.
The agreement indices of the results obtained by the various tests (ELISA-Tso, ELISA-Tcra, IFT, and CFT) were 46.7% (RI Ն 1.0) and 53.3% (RI Ն 1.2) for supposedly normal individuals, 44.7% (RI Ն 1.0) and 56.6% (RI Ն 1.2) for blood bank donors, 26.7% (RI Ն 1.0) and 33.3% (RI Ն 1.2) for individuals with other parasitoses, 33.7% (RI Ն 1.0) and 36.7% (RI Ն 1.2) for the screening serologic group, and 83.37% (RI Ն 1.0 and 1.2) for patients with NC.
The immunoblot-Tcra was negative for all samples from supposedly healthy individuals, blood donors, and patients with other parasitoses, including those with positivity by one or more tests. Reactivity for Ͻ20-kDa peptides was observed in the NC group, as previously reported (2) . Of the screening serologic samples, three were reactive to immunoblot-Tcra; all of them were confirmed by immunoblot gp-Tcra and positive to ELISA-Tcra (RIs ϭ 6.7, 3.0, and 1.7), two of them were reactive to ELISA-Tso (RIs ϭ 5.2, 1.6, and 0.7), two were reactive to IFT (1:160, 1:20, and negative), and only one was reactive to CFT (1:32). Figure 2 shows the immunoblot-gp of some samples from the groups of patients with NC, from supposedly healthy individuals, and from routine samples.
DISCUSSION
In NC, most of the antibodies found in CSF are intrathecally synthesized, with a smaller proportion coming from peripheral blood due to blood-brain barrier rupture (4). Several authors have detected IgG antibodies in CSF and/or serum from patients with NC, especially when the parasite is in the phase of a Optical density; arithmetic mean. b Geometric mean (IFT ϭ 2 n ϫ 10; CFT ϭ 2 n ); title ϭ 1/dilution. c Results shown are for serum samples from patients with NC, subjects medically screened for SC, supposedly healthy individuals (C), blood bank donors (BB), and individuals with other non-NC parasitoses (OP) by ELISA with Tso or with Tcra, by IFT, and by CFT. degeneration and there is an increased immune inflammatory host response (3, 4, 5) .
The ELISA and immunoblot test has been used in the study of NC, and different indices of sensitivity and specificity have been observed depending on the antigen preparation, the type and severity of the lesions, and the inflammatory reaction surrounding the parasite (2, 3, 7, 10, 11, 12, 16, 17, 24, 26, 27) .
The results obtained here with ELISA-Tcra showed slightly higher readings than those obtained with ELISA-Tso regardless of the group studied (Fig. 1) , as previously described (2) . All of the tests performed always showed higher conegativity than copositivity indices for the samples from individuals with other parasitoses and from blood donors and for the screening serologic group. Better agreement indices were observed when a cutoff of 1.2 was considered for the ELISA.
The choice of the cutoff for ELISA can determine a better efficiency of the test. An RI of Ն1.2 resulted in a higher specificity without altering the sensitivity. Considering the immunoblot as confirmatory for the specificity of the antibodies, the use of an RI of Ն1.2 for ELISA-Tcra detected the three samples in the SC group. Thus, for clinical laboratory use, a high cutoff is preferable in order to reduce the number of confirmatory tests. On the other hand, studies using the test for epidemiologic survey purposes are still necessary.
The sensitivity and specificity indices showed a better efficiency of ELISA-Tcra, followed by ELISA-Tso, IFT, and CFT in decreasing order of efficiency ( Table 2 ). In addition to a better performance, ELISA has other advantages, such as rapid execution, the possibility of testing several samples at the same time, and automated reading that eliminates the subjectivity present in IFT.
Although ELISA-Tcra and ELISA-Tso showed similar sensitivity and specificity, the easy preparation and reproducibility of the lots of Tcra antigen favors the latter method for the diagnosis of NC (2, 5, 15, 25, 26) .
The sensitivity (100%) of ELISA applied to serum samples showed that the test can be used as a screening method for the serodiagnosis of NC as long as positive cases are confirmed by immunoblot. Of the 23 samples in the SC group that were reactive to ELISA-Tso and/or -Tcra (RI Ն 1.2), only 3 were positive by immunblot-Tcra and immunoblot gp-Tcra, showing the low predictive value of ELISA for screening. The very low frequency of positivity in the SC group (3 of 97 [3%]) was expected if we assume that the medical request for a test is frequently used to exclude the hypothesis of NC, since the most probable cases are referred to a neurology clinic which will use neuroimaging and CSF exams. These results emphasize the need for specific tests for confirmation of the results, as also reported by others (24) . In a previous study we demonstrated the viability of the use of ELISA-Tcra in serum samples, as well as the need to confirm positive cases by immunoblot (2). Other authors have used only the immunoblot for NC diagnosis (24) , but it is expensive for use in developing countries.
Although the results of immunoblot demonstrated that both the Tcra antigen and the purified gp-Tcra antigen can be used to confirm the positivity of ELISA, the use of the gp-Tcra antigen has advantages in terms of interpretation of the results due to its constitution (only two peptides of 14 and 18 kDa, both of them specific).
The preparation of purified antigens (Fig. 2) could be useful for ELISA, with a probable persistence of sensitivity and increased specificity. So far we have not obtained good results with gp-Tcra to sensitize the polystyrene plates (data not shown), probably because of the impairment of adsorption of glycoprotein structures, which is overcome when nitrocellulose is used in the immunoblot. A further perspective is the obtaining of recombinant antigens and/or synthetic peptides from T. crassiceps. This approach would provide a more consistent and reproducible supply of protein antigens for use in NC immunodiagnosis, as recently described with T. solium cysticerci (8, 9) . a Sensitivity and specificity of ELISA with Tso and Tcra, of IFT, and of CFT with samples from patients with NC and from supposedly healthy individuals (C), with RI cutoffs of 1.0 and 1.2 for the ELISA.
